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Cambridge, Massachusetts 
May 24, 1954 


Professor Leicester F. Hamilton 
secretary of the Faculty 
Massachusetts Institute of Technology 
Campridge 39, Massachusetts 
Dear Sir: 
In accordance with the requirements of the degree of 
Naval Engineer, we herewith submit a thesis entitled "OCon-— 


struction and Preliminary Test of a Traversing Stagnation 


Pressure Probe for A Large Scale Aecrothermopressor" 


Respectfully, 





ABSTRACT 


CONSTRUCTION AND PRELIMIWAPY TEST OF A FPRAVERSING STAGNATION 
PRESSURE PROBE FOR A LARGH SCALE ARROTHERMOPRESSOR 


by 
JAMES W. CARPENTER, TIBEUTENANT JUNIOR GRADE, U.S, NAVY 
and 
WILLIAM L. MAPTIN TII, LIEUCTRNANT JUNIOR GRADE, J.S..NAYVY 


Submitted to the Devartment of Naval Architecture end Marine 
Engineering on May 2, 1954, in partial fulfillmert of the 
requirements for the degree of Naval Engineer. 


The objective of this thesis was to construct and test 
@ prote for measuring the gas stagnation pressure of a high 
speed, moisture-laden gas strean, with a suitable traversing 
mechaniem for use with » larze scaie rerothermorressor. 


Two basically identical probes satisfying the criteria 
as determined py Dussourd (3) have been constructed and 
were tested. Two traversing mechanisms were constructed for 
these probes. One emvloys a lead screw and universal joint, 
geared drive with a counter to determine the vosition of the 
prove within the @Quct. The other arrangement merely provides 
suvport for the probe ond traversing is done by hand with the 
probe position determined by a agirect reading pointer and 
scale. 


It has been determined that the maximum spread in the 
measurements obtained by these probes is three percent and 
it is therefore concluded that these probes will give satis-— 
factory measurements of stagnation pressure in the large scale 
aerothermopressor, It is recommended that the relative merits 
of the two traversing mechenisms be evaluated from the viow- 
points of economics and convenience in the large scaie aero-— 
thermopvressor., 


Thesis Suvervisor: A. HF. Shaviro 
Title: Professor of Mechanical Engineering 
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te. introduction 
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The objective of this thesis ia to construct and test 
a strenetion pressure vrobe with suitable traversing mech- 
anism for use with a large scale aerothermopressor. (The 
aeroth*rmopressor is a cevice in wh’ch atomized water is 
introduced into a hot, high-speed gas stream, with the aim 
of realizing the rise in stagnation pressure which gas dy- 
namics indicates ae being possible when the stagnation tem- 
perature of a high-sveed gas stream 18s reduced {1) ). 

Tt hes heen determined thnt the exverimental verformance 
of an aerothermonvrescor can he correlated more effectively 
with a theoretical analysis of the serothermovreseor vrotess 
(2) if the gas stagnation presaure in thie device can de 
measured, The probe to re constructed, therefore, must te 
cavable of geasuring the gas stagnation voressure of a highe- 
speed, drovlet-laden foc strean.,. (Ry definition, the «cas 
stagnetion oressure is the theoretical vressure which would 
be obtained if the gas vhase alone could he decelerated reyers-= 
iply to sero velocity without momentum interchange or heat 
transfer between the gas vohese and the water droplets). 


fost of the theoretical analysis of the aerothermonvres- 


be 


sor process to date has heen one-divensional in nature. 
Since the fluid flow in en actual serothermonressor is a 
tyove of vive flow, it is exvected th-t at any point along 
the axis of flow, the fluid provertiear will be a function 


of the redius of the vive. Conseauently, vroner intervre- 


ne temebertsy 1 
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tation of the exverimental data for comvarison with the one- 
dimensional theoretical analysis requires that a radial tra- 
verse of the fluid vroverties be taken. It would be advan-— 
tageous also to heve an axial traverse; however, mechanical 
difficulties preclude the latter type of arrangement at this 
atage of the develonment. For tnese reasons the traversing 
mechanism has been ‘designed to take radial traverses at nine- 


inch interwals alone the flow axis. 
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ie Procedure 


A. Probe Construction 

In order to accomvolish its intended vurnose, this probe 
must have two distinctive features not found on the ordinary 
stagnation vressure measuring instrument. First, some means 
must he employed to drain tne water from the probe, and sec~ 
ondly, the nose of the probe must be so designed as to min- 
imizge the distortion of the streamlines at the probe tiv so 
ase to reduce the effect of momentum exchange between the 
water drovlets rnd the gas stream. 

the geometry of a probe which satisfies these require- 
ments has heen determined by Pussgourd (3). Ye found that 
if the wrote is constructed oven at hoth ends, the water 


4 


which enters the probe will drain satisfactorily, and the 


ma, 
- 


<= 


accuracy of *the stagnation vreesure measurement will be un- 
affected provided the ratio of exit to entrance areas is 
aporoximately 0.95. In order to minimize the effect of mo- 
mentum interchense at the vrobe tiv, the ratio of inside to 
Outside diameters of the probe tiv must be unity: however, 
rom tne stendvoint of conatruction this is not fsasible, 
Dussourd determined that in order for a prohe to be suf- 
ficiently accurate, this ratio must not he less than 0.75. 
Two basically identical probes satisfying the above 
GQriteria have heen constructed, the det@ils of which sare 
shown in fiseure I. Their satems heve heen individuelly da- 


signed to overate in twoedifferent traversing mechanisnrs. 


i 

=— = a, + & > ae =“: o-.!) 
WL Pahl oe ~~ ahha ante ad gat 
whore abKs chance bahnmtnt pA el inarmos aay v, 
eretbbre gd Bo Afat® 109 me ka! BAZ Attn ret eC gew sd a 
tones mowed itslh MeQur dens Bat tewey ot puss 
Une ORR ACETG O94 COgruayine Ase Obe1b 08 Regalame wo I 
nals of Am ANNAREAA Ge of anne ater tet Tose ge Pal 
ee pie wéo7e ont te anstinngsae oar To mettre eth nae ae 
Hie pohyt sit egmariene mys ntmee Te dneTie wat Arete off 
weniie ooy edt hie whiner! + 
sar bonty weend antvatiws Bolte esire @ Vo Kviewera @tf 
esa Bscet #4 (7) beownnod Ee beekerwteh wrey pail 
Twiev si? .ebse ator ta nage Seisostenon wh Store wilt TH 
whd wee .yipOadmYG IP Pe stank Cite acon wd esyése a 
eeu af [ite Saemerni see Senet a Host som ete vie Ve severe 
df peeré edom dns ot Fhee Te atime ae bebterre Seiad 
~om Yor babyte od? epPptede eh weDeo HE MAS in hadias 
Oe Obbeh! Th GETRE BAe Ose etem) OOF dm epeetortir? | 
rrervevad pital oc tame Ik et ewe add Vo ervceaant ott 
eleledal £42 4! ott) vetawusrede re Ye imiecbiete S07 
8 af tf eteay & rok vebve wt shat Aeatigete= weoonead 
25.0 okt et fast of Ome tere chyen ale Ptr. tt) eu 

HCP y 49¢ mahtrete es wevieng fenl treht eCheoleay ove 
4VA eagee To Baeedad ade hed ti ewes sal etre ate iee 
aah UListO Pry ink npet ered sente ready Essie 7° 
eeedeedaeny wubeverart 15er Ph EAR ya! deereou hp Beraer 


























ee 




















< 


eh. 


The probes were manufectured of type 304 stainless steei 
jeined with high temverature silver brazing to permit over- 
ation in the large scale eserothermonrressor at temperatures 
up to fifteen hundred degrees Fahrenheit. That vart of the 
vrohe stem which will extend into the gag stream is of air- 
foil cross—section to reduce the drag force and to provide 
edeauate strength. Strength calculations will be found in 
aprendix R-i. The probe stem was placed seven diameters 
from the tip of the probe to reduce the stems distortion of 
the streamlines in the vicinity of the prohe tin. 


PR, Frohe Test 





The testing of these prohes was carried out in eaurin- 
ment desi-ened by Wedleiehn (4)! and constructed under the 
sponsorship of the serothermontessor vroject. fhis aprar- 
atua consists Of a converging noz#ele and constant area, two 
and one-~eirhth inch diameter test section constructed of 
transverent lucite. There is an atmosnvheric inlet to tne 
subsonic nozzle and flow is maintained hy an exhaust vacnuun 
Created by the gas turbine laboratory steam ejector. Water 
is injected into the air stream by nrobe number six of tahle 
one of reference (4) (see figure ITI). The vrohes were in- 
serted in the lart testing vort, whieh is located just un- 
strean of the diffuser. 

The verformance of the pnrobtes was checked thy comrarison 
with data for similar flow conditions obtained from the er- 


periments of Dussourd. fo establish similar flow conditions, 
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FIGURE I 
GAS STAGNATION PRESSURE PROBE -5- 
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i 
the water rate and stetic vressure differences at the plane 
of the probe tip were matched with those of his exveriments. 
GC. Traversing Mechanism Construction 

Preliminary investization revealed thet fror a strictly 
mechanical riewvoint the rost seticfactory traversing mech- 


anism wovld be one thet employed a manvally overated, geared 


drive with 6 counter attached for accurately positioning the 


protés witkin the aerotrermonressor: however, economic con- 
siderations voint towards a more simply constructed mechanisr, 
Such a siwple device might consist of a mechanier merely to 
supvoert the prove which could then be positioned by pnughizng 
in ond pulling ovt the vrohe stem to which is attached 2 
pesition indicating vointer., 
= 
Two designs based on the shove criteria were developed 
*. 
and submitted for bids. The geared drive mechanism cost 
approximateiy f500 whereas the push-pull one cost $250; how- 
erer, & fair economic evaluation mugt include a consideration 
- tne overall cost of operating the large scale aerotherno- 
pressor with wnich the probes aré to be wsed. For instence, 
sinee the fuel recuired to produce the hot gases for the 
aerothermopressor will cost apvroximetely £35 per hovr of 
operation, an evpreciahle gaving in the time reevired for 
the taking of Gata assumes some @€conomic significance, Tt 


le anticipated that the geereé drive mechanism can be vosi- 


tioned accurately more ravidly and kence, may efford sore 
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FIGURE I 
SMALL SCALE TEST EQUIP 
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savings in operating time. In order to determine whether 


this saving would offset the increased initial cost, a 


mechenism of each type has heen constructed for evaluation 
to guide future instrumentation design for the large scale 


eaerothermovressor. 
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[wo vrobes were constructed, the heads of which are ag 
shown in figure I. The stems of the two instruments differ 
in that one is threaded for use in the mechanically geared 
traversing mechanism, while the other is vlain for use in 
the vush-puil assembly. Two traversing mechanisms were con- 
structed as illustrated in figure III. 

The protes were tested in the small scale trensvarent 
equipment shown in figure iI. The results of the teste are 


plotted in figures IV through X, along with the voints de- 


termined by Dussourd in reference (3%). 
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FIGURE I 6 
PROBE TRAVERSING MECHANISM 
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FIGURE W 
NON-DIMENSIONALIZED, STAGNATION PRESSURE VS. STATIC PRESSURE 
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FIGURE Y 
URE 
NON-DIMENSIONALIZED , STAGNATION PRESSURE VS. STATIC PRESS 








-{4- 


FIGURE YI 
PROBE ERROR IN NORMAL AIR 
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FIGURE YIT 
STAGNATION - STATIC PRESSURE RATIO _ TEST IL 
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FIGURE 15- 
STAGNATION-STATIC PRESSURE RATIO _. TEST IL 
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FIGURE IX fei 
STAGNATION - STATIC PRESSURE RATIO — TEST W 
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FIGURE X 
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Since these vrones were constructed in accordance with 
criteria develoved by Duszourd (3%), the only data available 
on svuth a porohe has been that ovtained sy his exneriwnents. 
These vrehesa were testec in the seme ecvinment emoloyed in 
the @xrerinents of Dussourd. The #uthore, therefere, have 
attenote4 to scorrelrtoe their deta with his and match some of 
his overating voints., 

Dussourd calculated #& nonedimensionalized curve of static 
pressure versus steagnetion pressure for the dry air stream 
from measurerents taken with » vitot tube. This curve is 
reproduced in figure I¥. The curves revresenting these vro”és 


a 


aré superimposed on thie vlot (probe #1 is that one constructed 


Cad 


< 


with a atem for the push-pull treversing mechanism, while probe 
#2 ig for use witn the geared drive). The maxinum vercentage 
error in the meesurements obtsined *y these vcrobes is nlotted 
on figure Vi for the dotted envelore curve of figure IV. The 


error was comruted as follows: 


P 
(Pf /P _3 Pp aay ot _tube_ ( o/ a prove 
peréent errér = 100 X 
or. & 1 


s'vitet tute 


The coor@in:r tes of figmre IV were chosen in order to 
magnify the error of the yrehes however, to zive a more 
realistic vresentetien oF the proven’ performance the sane 


data was replotted to the coordinates of figure V. 
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For wet flow conditions, the only data available for 
this tyne of probe ia thst of DPussovrd(4): therefore, the 
verformance of these vrohes for wet conditions could be eval-~ 
uated by comorrison of the measurements of these probes wits 
those of Dussonrd for identical flow conditions. The authors 
thoueht that identical flow conditions et the vlane of the 
vrobe tin wouid be obtained if the wate~ injection rate end 
the difference tetween atmosvheric vressure and stetic vres- 
sure at the plene of the mrove tin were matched with those 
of Dus-ourd. The vrimary data ohtained in this manner and 
Caleulated as shown in avnvendiy F-2 are vniotted on fireures 
Vii through 4%, and are seen to correlate well with that of 
Dussourd. 
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Py comvaring the difference in the ratio of (Po/PL) for 


re) 


the maximun ard rinimum values and referring this dif’erence 
to the minimum value as a base, the following percentage 


stread in the measurements of these vrores was calculated: 
P - me _/> 
(P/ (P_/?_) 


= iets s min. 
wercent svoread = 100 X (Pp /P 
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ee St I See pe 
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s Win. 


The percentage enrecds so determined for tects II throush 
VY Gre reavtetively, 1.017, 2. , 2. , te 1 eee . 
These svrenads were larger than was anticineted by the authors, 
Tt wea noted that tnese tests were conducted witn watere~ 
eir retios that resulted in ursteady flow conditions, man- 


ifeatei by a fluctuntine water wave in the @iffuser which 
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resulted from normal boundary layer sevaration and the in- 
clusion of water in the boundary layer. Such unsteadiness 
was not vresent in the exneriments conducted ty Dussourd as 
the reduction in flow area caused by his vrobes was less 
than the reduction caused by the probes of the authors. This 
unSteadiness caused violent fluctuation in the manomoter 
levels which were damper out in order to obtain data. Con- 
sequentiy, instantaneous velues for the otserved data were 
not obtained but rather a time-average vaius was obtained. 
The value of this time-average devends upon the manner in 
which this unsteadiness occurs and for this reason, it was 
thought thet this was a possible exvlanation for the svreac. 

For the days on which both vrobes were tested, it was 


bs 


noted that there was a negligible difference between their 


m~ 


roa 


data points. = From this it was conciuded that there was no 
leakare or other fahricstion errors in the construction of 
the probes, 

The’ adthemes neteG thet for ell feur Flow conditions 
the ratio (@. Pe) on Avril 21, was higher than that on May 
7 (see primary data voints of figure VII through X), Further-— 
more, for teats IIT and IV (see figures VZTI and IX) the 
relative magnitudes of this ratio for Avril 21, May 7, and 
Avril 2% were the same (as noted on the figures not all tests 
were run on each day). This systematic variation suggested 
that the spread might be attrihuted to conditions that varied 
from day-to-day such as the voressure, temperature, and humid- 


ity of the atmosphere and the temperature of the injected water 
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The temperature of the injected water was not measured 
and hence no aralysis of this effect could be made. It was 
felt that the manner in which the data was correlated min- 
imizged the effects of atmospheric vressure variations. Since 
the maximum temperature variation of the air between all the 
test days was less than seven degrees Yahrenheit, it was felt 
that its effect could not account for the observed svread, 

Analysis of the effect of the variation in atrospheric 
specific humidity revealed that the magnitude of the error 
introduced by neglecting this effect is of the same order of 
magenitude as that of the observed svread in the probe measure- 
ments. TFhis analysis was carried out in the following manner: 

The aerothermovressor vrocess produces a rise in stag— 
nation pressure by the lowering of the stagnation temnerature 
of a high polldaaty gas stream, Conversely, it is also true 
that a stagnation pressure decrease will be obtained by rais-— 
ing the stagnation temperature of a high velocity gas strean. 
For the conditions in which these wrobes were tested, either 
process may occur devending on the specific humidity, initial 
mech number, initial air temverature, initial water tempera-— 
ture, etc. Comvlete analysis of this effect is beyond the 
scope of this thesis (see reference (2) ). 

The qualitative effect of the condensation of varying 
amounts of the humidity may be determined by making the fol- 
lowing simvlifying assumptions: (1) the difference in the 


amount of moisture which condenses for the various runs equals 
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2 2- 
the difference in specific humidities of the air for those 
runs: (2) a11 of this differential condensation occurs down- 
strean of the nozzle. (Note that in the test avparatus, the 
plane of the water injection is downstream of the nozzle; 
hence, since the dewpoint temperature is reached as the air 
flows throuzn the nozzle, tre humidity of the air will con- 
dense and the injected water wiil not evavorat>:. It has 
heen assumed in this analysis that the temverature of the 
injected water did not affect the air stagnation temvera-— 
ture): (3) the flow is one-dimensional: (4) the perfect 
cas relationshivs are valid; (5) atmospheric pressure ig 
constant and: (4) there is isentropic flow through the 
nozzle. 

For each test, the individual runs were modified by 
assuming that, no condensation occured in that run, and then 
calculating the toss of stagnation voressure which would 
oceur due to a rise in stagnation temrerature tf there were 
Condensation equal to the di*ference between the specific 
humidity of each particular day and thet of the cay with 
the highest svecific humidity. 

The stagnation oressure wag calculated by an iteration 
process using the influence coefficients of tahle @.2 of 
reference (7), in which a single stev was taken from the 


nozzle exit to the probe tiv (actual iteration not carried 





out). The equation revresentine this vrocess is as follows: 
ae .— xe dJo 4 44 dx + d x - Cy dw 1 C dw 
Po = |e D 4 kpAM? od . 
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integrating, In Poa. kM je Toe re In F] 
oy To, 


where subccrinvts (1) refers to the exit plane of the nozzle 


and subscrivts (2) refers to the plene cf the orobe tip. 


_k M2 
Therefore, Pez _ (F. Le) 2 
Po: Ter 


now letting the subscrint (a) refer to the original con- 
dition and (hn) refer to the condensing condition, and 


assuming: Fa-=Fy, . me = ME . (Pa: Jo, = Rade, 


and since the method cf matching flow conditions implies 


that (%, =(P.5),. then 
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By modifying the wo fee) retios in the ahove manner, the 





modified dats plotted on figures VII through X were obtained 
(see annendix B-3). 

The difference between the orimary and modified data 
voints for sa varticular run is seen to be of the same order 
of magnitude as the ohserved spread of the vrinmary data 
points. In view of the simvolifyine assunntions by which 
the modified data points were obtrined, nothing other than 


the order of magnitude of the hunidity effect can be inferred 
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an. 
from the mocified data vnointe:. 
A> noted vnreviousiv, the humidity effect is not the 
only source of error of these exverimnents. For instance, 


n Bhe opposite 


pule 


the humidity effect of teste II and V¥ i: 
direction to some of the observed soreat. It mey well be 
that in these cases the effect of differences in injection 
water temveraturs anong the various days was the governing 
factor. 

These daily variation effect- which may have caused 
the orserve4 srreac of the yrimary tata points are inmport- 
ant only insofar age they affect the bn Libation of these 
vrohes, ani they wil! have negligible effect on the 
measurenont: ohrtained in the larze scale aerothermovressor. 

In view of the ahove analvsis it is conciuded that not 
ell of the owbaowea soread in the vrimary data voints is due 
to inaccura:-ies ir the vorobe measurements. Fowever, even 
if al’ of the ohgerved Sock were due to the inaccuracy of 
the vorohes, the measurerents obtained by the vorohes would 
still he valuehble in the analysis af the large-scale aéero- 
therrovres:or. 

These prohes have heen desizned to read the staaznation 
pressure in sub-sonic, darovlet—-laden, gas flows. If these 
probes are to *e used in gsuvner-sonic, drovilet—laden, ea 


flows, sot omly must the existance of the normal ghock in 


front of tke crohe he taker. into consideration when inter- 
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i ee. 
preting the vreesure indicated ty the nrohe, tut also the 
severe deceleration of tne water drovlets wnicir vases 
threuasr the normel ghock wil! 


have a strong 
OEWseure i 


effect on 
n@iceated hy the trobe, 
te taken 


w#2anien effect must else 
Into 


consideration wren intervoreting 
indicated by 


the pressure 
the vrohe. 
Phese vrobes here not *#@n tegtet in supersonic flows. 
ras Brine 
See annendix h-1 for tm= probe streneth calculations. 
Ag imciveted in avrvendir P-" tregse twrores @rr- not 
strong enousch tc withetand all tywes of flow carditions 
with the wrohe erytended conpietely across ear eleven inch 
Gact . 
Specifically. it iq reco Wmentded Fnat the wee gf the 
“~ 
Probes *é Tipitied in the folléwing nanner: 
LL. BS Wet extetc the prov@s itd & Wet, Bey 
ga: flow 


any more th 


i) 
3 
jae 


reesaryv to 
oStain readings. 


ar hragting hes heen 
“see in i aBaser bly 


7,he@ 


sf these orohes 


Ficd tL el 
alithougszh the 


re-melt tenverature of the 


silver 
Al ’oy ev oloyed is 2009°F., this alley w 


ie 
Mave ligtle strenet, at righ temverminres. 
When the vrote is ervtern@ed nto tne duct 
during hot, dey rume, do not excée? eae Sgth 
rumaver of 0.8, T ie @6WwHtTa. if he wii 
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-?6§- 
brazing will be able to withstand the shear 
atress4q impnsécd during hot, dry, trarns—sonic 
flows. 

a. During hot, dry rungs never extend the vrobdes 
more then 5.5 inchee into the duct. 

4, During wet runs when the Mach number is legs 
than 0.7, the prohe can he extented !1 inches 
TABOO the Buck. 

5. During wet runs when the Macn number is greater 
than ©.8, the vrohe should not be extended 
mOTe CHOn 5.5 trees PA tre datet. MM hte 
limitation of extension of the nrohe igs 
followed, tne vrore should be able to with- 

= stance all Mach number flows likely to he 


ei, 


‘. encountered. 

; During wet runs, if there is gu>-soniec fléw 
in the diffuser section the vrohe can be 
extended to the center line ef the diffuser 


section. 


O. Traversing Mecranisom 
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Tre test and evaivation of the traversing mechanisn 
must be Carried out in the large-scale serotherronressor, 


and therefore such tests must he conducted at a future date. 
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V. Sanclusions 
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Tne vorobes as Constructed will sive santicfactory 
measurements of starnation voressure in the largo-scale 
aerothermnovresror within the limit: of exnecter exner-— 
imenta’ error. 

The strenet> of these robes definitely is limited. 


Tt is felt, newevyer, toat if the liniteations on the use 


ry 


re. tre probes eg LiStee iff the PReco zhHeNndatTions Bre 


followed, these pnrohes will 4 ahie to he ured witnout 
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Structural failure of any kind. 
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recommended that sorn* consideration be fiven to 


the evaluat’ ov of th re 


treversineg mechaniars fro the viewvooints o 


od 


ative merits of tne two 


my, 


economics 


onvyenience. 


to the ligagteaction of the stremeth of the probes it 


recommended thet their nee he regtrictei as follewe: 


heep the probes wut of the hot, duy gee fiow 
$< "heh €8 voéeible. 

When the pvrore isc ueed during hot, dry rans 
@9 not exceec a Mach mumher of 9.&. 

During hot, dry rnns never extend the vrobe 


more than 5.5 incheg into the duct. 


powe 
~ 


Puring %wet"™ rune when the Mach nurher 


-4 
gael 


“Lege than @.#, the wrobe can he extended 
inches iajto the duct. 

During "wet" runs wren the Mach number i 
gree” than ©.7, «h@ ProWe choultd wet he 
éxtefiaed c6re then 7.5 incthes ints dhe @ust. 
Duritag "wet" funs, if there is ghb-eomic 

fiew in the Piffnser t#etion. the srohe cam 

he extended to the center line of the 7iftnger 


seactiom. 
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Appendix A~1 
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Lict of Symbols Used in Test 


MISS SR EE GR ee SS mm ee Oe eg et ee me ee eee 


Synhols 
@ chord 
a drag coefficient 
D total drag force 
2 2 dx 2 
[fare «fide e+ [*C2ys2) ae] 
at t + aw 
, COU OA ee +o v 
I moment of inertia 
k ratio of svecific heats 
a length 
MH Mach number 
M bending moment 
P atmospheric vressure 
P 7 static pressure 
- “ stagnation pressure 
BR gas constant 
t thickness 
tS stagnation temrverature 
V velocity 
w 
W water—air ratio 
wW 
3) 
A Re 
cs difference in snecific numidity 
a 
y distance from neutral axis to fiber being 
considered 
?) density 


oO stress 
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Sypbols 
ya viscosity 


subscrivts 


( x ovié€ imal eondition 

( ), condensing condition 

( Ny refers to initial condition 
( he refers to lotal conditions 
( te refers to probe 

( dn rerers to vitot tube 

( 4 exit nlane of nozzle 

( )o plane of vrobve tin 
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FIGURE XI es 
DIFFERENTIAL STATIC PRESSURE VS. DISTANCE ALONG TEST SECTION 


php pad falsf es 
as jeje pe: 
Fe OS a 






4 


’ , 
oe 6 wet oe eh eee ¢ owe 
‘ ' 





+ ¢ ? . 
a os + 


- 
he ee 
s ‘4 
+ . 
e 
+ 
' 
wee + + were Howe 
’ 
' 
’ 
— eS 
‘ 
‘ 
¢ 
. 
-~ of _ —— 
+ 
+ ‘ 
3 Pte 
Ta 
- 
a 


4 


- —- 


——s 
. i . 
SE eos 
ans 
| al 
a4 onee esi es 
i t 
é 
‘ 
4 
-. —. 











> 
jer wwrnr eer eee ee 
> 

+ 


‘ —_——e 


F 
STATIC PRESSURE TAPS (FOUR-INCH INTERVALS) 
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Details of procedure 





Dussourd (3) vresented his results as eplot of the 
ratio of the stagnation voressure to static voressure at the 
probe tiv versus vrobe diemeter for various ratios of static 
vressure at probe tiv to atmosvheric oressure (see figures 
Ss — Veet >. In an attemvt to match his overating points, 
the value of the ratio of the static pressure at the probe 
tip to atmospheric pressure was duvlicated. 

For several runs, a survey of static pressure versus 
distance along the test section was made to determine the 
correct value of static vressure at the vrobe tip - (see 
figure XI). It was found that extravolation of the curre 


from the readings of vressure tans C, D, and EB to the plane 


(and 


~ 


of the vrobe: tip, in order to eliminate the effect: of the 


orescsure of the vrobe itself, resulted in a value of static 
pressure that was equal to that obtained from voressure tap 
F which is only slightly in front of the plane of the probe 
ein. Therefore, the reading of this oressure tan was used 
for all subseaquent measurements. 

For each wet run, a plot was madre of ta ~ Pi) versus 
(Po _ x) —~ see figures XV — XVIII. The valve of (©) cor- 
resvondirg to the correct ratio of (p/P?) was then calculated 
and the corresponding value of (P, —- ?,) was obtained. The 
aforementioned curves were then entered with this latter value 


of o -~ P_) to determine the corresrvonding value of (220, be 
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With this value of stasnation vressure and the vreviously 
calculated static vressure, the ratio (Po/P,) wags cal 


culated and vlotted on figures VII through kX, 
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The strengt’ of tnese proves is limited, and therefore 
&® certain anount of foretnought must be employed in tnaeir 
use in order to avoid damaging the probes. 

First, although the probes are made of type 3G4 stain-— 
less steel, cilver brazing has been employed in the joining 
or tne various parts of the proves: and in svite of tne fact 
that the re—-melt temperature of the silver alloy emvloyed is 


@ . : . 
29000 Fahrenheit, t is recommended that the probes pe ex-— 


be 


posed to high temperatures as iittlie as possible, taking 
into consideration the value of using the probes to ontain 
measurements ina hot, dry gas flow. 
2 

Second, although these vrohes were designed primarily 
to measure tne stagnation pressure in subd-sonic gas flows, 
it is recognised that these vrobes may be used in the trans-— 
sonic and supver-sonic regions of the rnerothermonvressor. in 
view of the fact that the shave of the vrobe—stem cross-—sec-— 
tion i3 a blunt nosed ( i. e. subsonic) air foil shape, use 
of the vrobe in the trans-sonic end supersonic gas flows will 


result in high aerodynamic Aras forces heing imposed uron 


the prohea. So that the orders of magnitude of these drae 


forces wiil be anwnreciated by the versons using thece probes, 
the following strength calcuiations are presented. 


The stresses occuring in the prore stem will he calculated 
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by simple heeam theory essunning a uniform, cantilever tyve 


loa@ine: 


where 


me 


My 
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Cal 





eens 


total drag force 


stress (comvressive or tensile) 


Dl Ld 
—s-—- = taximun bending noment 


length of the exuyuiralient cantilever bean 


monent of inertia of the heam across—sectional 


xgnrea nbout its neutral axis. 


the distance from the neutral axis to those 
fihers being considered. ( usually ihe ex- 


treme fiters) 


to compute the moment of inertia of the beam 


(probe—stem) cross—sectional area eatout its neutral axis, the 


stem cross—gection will be simplified to a semi-circle at the 


base of a trevezoia with the hole in the probe stem centered 


at the junction of 
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the semi-circle and trapezoid as shown? 





With this shane Iyy can be comouted as follows: 
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The first moment ahout vv can be computed as follows: 


Myy = 0.8m , 2(0.0625) + 9.25, 2, 8bh(0.0625 + 0.25) - 
en” * ' foes * wee 2 
4 (0.125) ¢ (0.125) 
“oie a 
= 0,046 - 0.0013 
3 


= ©.0432 an. 
The total cross-section area is as follows: 


0.344 (0.0625 + 0.25) , 7(0.125)° _ m(9.06)° 
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A = 


= 0.1720 + 0,084U5 = 0.0118 
= 0.2452 ta. 
The center of area from yy is: 


7, ae eee 
=e * 1 €.aeme 


Omg y7 da. 
ec is the neutral axis. 
Distance of cc from leading edge is: 


¥, = 0.297 + 0,125 


0,422 in. 


Distence of ce from trailing edge 
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yy « O.@44 — 0.297 
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The moment of inertia about the neutral axis, ec, is: 
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It is recognized that when there are water droplets in 
the gas stream, the drag force acting on the prote will be 
greater than for corresvonding gas flows which contain no 
water droplets, due to the extra drag force caused by tne 
momentum cheaense of tke water droplets which strike the probe. 
No attemvot will be made here to compute the extra drag force 
caused by the water droplets. Instead, this analysis will 
assume isentropic flow of a perfect gas with constant sve- 
cific heat and@ molecular weight with k = 1.4, for the pur- 
pose of comvuting the properties of the gas; and tnen 
exverimentally cetermined drag coefficients will be employed 
to estimate the drag force. (The authors leave to the person 
using the probe the vroblem of estimating the effect that 
water droplets in the stream will have on the drag force, 
pointing out, however, that in addition to affecting the drag 
force directly, the water droplets will also change the flow 
conditions of the gas, for instance, ty changing the temper-— 
ature and density of the gas flow. ) 


The drag force will be computed by &@ formula of the 


type: 
ye 
j= G,o5—(area ) 
The density and velocity will be computed hy isentropic 
processes as follows: 
It is expected thet the maximum stagnation temperature 
fo) 


2) 
to be used in the aerothernorressor igs 1590 F. or 1960 R, 


It is exvected tnet the maximum pressure at the entrance to 
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the aerothermovrescor wiil be 20 vsif or 34.7 sia, 


Therefore, considering the eaxtreme c#uzs5e: 
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P = 34.7 pete. 
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> =/ 
“0 fe) 
Rk @ 
fe) 
= Se. 7(ieey ) 
83.35(1969(32.2)) 
. g 
7181 £& ia’ alugs/fi.° 
Let the subscript 2? designete the condition at the vrobe. 
Then: 
7 
> 
=. = Bla) 
“ ec 
Oo 
" Reference (5) Fable 32 
Po 
———— == £(01,) 
a) E 2 
O oe 


v, = 49 1%, M,, 
Now: Cy is to be determined from experimental deta and 
the “area” must be chosen to fit the definition of Cy 
Yor the crobe—-stem cross—section: 
G = thickweas = 0.25 in. 


® = Gert = 1.886 Pr. 


Therefore: 
* = 9.2% 
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For szhsorie compressitle flow st low and moderpte Mach 
numhers the cownressibilitz effects of the flew have only a 
siteht inf’ uence on the drar coefficient determined ty in- 


comp*essitle flow re surenents. When the locéai Mach nuhber 
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~¥ou 
at some nvoint of the flow around the body exceeds unity, 
however, the draz coefficient »eging to increase quite rev-— 


idly over the drag coefficient for incompressible flow, 


the free stream Mach nunber at which soma total Mach number 


reaches unity is called the critical Mach number. The free 

stream Mach number at which the drag coefficient begins to 

increase rapidly is called the drag—divergence Maca nunber. 
It is estimated that for Mach numbvers higher than the 


drag—divergence Mech number the drag coefficient of the probe 


stem basec on tre frontal area will be almost tne same as 


f+ 


the drag coefficient of a circular cylinder in transversel 


flow based on the frontal area, 
Figure 12.10 of reference (5) has «a curve of - vs. 


for a circulag cylinder in transversal fliow for trans—sonic 


-— 


the drag-diversence Mach 


2) x 


fiew. Accordins to this curve 


& 


number is 6.8, after wnich an rises to 2.15 for & Mack nun 


ber of unity and falls asain to 1.5 for a Mach number of 1.5. 


vw - 


Now, an estimate will be nade of S, for M = 0.& for the 


probe stem. For the circular cylinder of reference (5), oe 


=1.5 at MW = 94.8. This Tay will be compared to that for an 


oS 


airfoil shenve at low Mach numbers, 
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Reynolds, number =(1.999 % us. ' 637) 
’ (12 )(8,62 x 107") 
. = 1.738 © io 
Kecording te figure 5.1 of reference (5): 
For Reynolds Number = 1.735 K 10° and t/e 0.25 
c.. = 9.95 based on the wetted area. 
The wetted area is about eischt times the frontal area 
Tor the prote etew: and therefore, when the Cy is hase on 
the frontal srea it will be : C. = 9.48 
The ratio of these irae coefticients at ZM = 0.6 Gs 
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It can be stuted that the °, for the vrobe stem will 
be larger than C.US both because of compressibility and be- 
Cause the maximum thiekness of the probe stem occurs at 
12.5Z0f the cheréd. It can also be stated that C. will te 
lese than 1.5 since the vrobe-~stem is a more "streemiined" 
shape than a cylinder. 

{n order to be conservative in this analysis the authors 
@assume that for M = 0,8 the v5 for the probe stem is 1.5 based 
on the frontal area, 

The drag force and maximum stress will be computed for 
the following assumed conditions: 

Mo Oo. 0.9 Lg® Ia dee de. 'D 

Cn - Li = 25 2035 Waa 8g Les 


~ 


~* 


For convenience it will he assumed thet the vrobe tip 
has the same drag force as 1/8 inch of stem. Therefore when 
the »vrohe is in the center of the test seetion t= 5,5 inches. 
The drag force and maximum stress will he convorted for £25,5 
inches. The drog foree will vary directly as 2 and the max— 

c 
imum stress will vary directly as f : 


For £= 5,5 inches 
_5.5(0.25) 
eer 


Frontal area = 0.90955 sa. ft. 
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FIGURE XI 
DRAG COEFFICIENT VS MACH NUMBER 
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Sunmary of Maximum Stress Calculations 
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(Note: although these stresas@s were computed for the case in 


which T, = 1960 BR; for constant Mach number, constart Po and 
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perfect gas reletionships, the vroducé Pay does not vary with 
ae 


Ty and therefore if these stresses are nlotted against Mach 


number they will be valid for all values of Th.) 
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FIGURE XIil 
MAXIMUM STRESS VS MACH NUMBER 
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FIGURE XIV 
STRENGTH PROPERTIES OF STAINLESS STEEL TYPE 304 


- _ — oe 





-_ o— oe eed 


— 


jean 


| 


| 
| 


(sanvsnow. isd) 


(SaNvSNOHL ISd) 


SSIYLS 





SS AALS 


600 14#00 
(DEGREES FAHRENHE! T) 


400 
TEMPERATURE 


200 





Appenaix S-2 
eppis of Mimsy Prem Foigt Selenbetions 
Test IIT — 0.100 lbs/sec water 
Run TIA 4/13/54 
P, = 39,924 trehes Ee. X 2.54 em/ineh = 76.261 em. He. 


4 - Po) = '9s29 em. HO X 1 (8.6, HO) = 3636 em. Se. 


13.55 (s.g. He) 


(>, = Po) em. Fe, (py - Pg) Cm. FE 
3.638 12. 52 
4.035 14.37 
4.310 16.08 


A curve of the above values is piotted on figure XV. 
Po/P, = 0.8103 
Po = (0.8108)(76.261) = 61.794 em. Be. 


b, = ps = 76.261 = 61.79% = 14.467 em. Be. 


inf, 


Wow referring to the atove plot on figure XV, the valve o 
(7, ~ Po) corresponcing to the above value of (p,-Pig is 
found to be- 

Cad ) = ry ° t * 
(>, 6g 4.062 ecm. He 
Re 76.261 —~ 4.062 = 72.199 em. He. 


Therefore, pi Th-189 fT 


1.14584 
Ba. fom 


This value is then vlotted on firure FII of the results. 
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Appendix =-5 
Sanvle of Modified Data Point Ualeulations 
Test II ~ 0.100 lbs/sec, injected water 


Probe #1 — Bun TI-B — 4/21/54 


o % 

M, = 0.482 7. Gee 
ry 

M. = 0.476 i, = 0.2266 

v= us & - VW e Dw.% e245 

2 
— leo. il 
EM’ (1.1) (0.2862) 0,1303% 
th (2) 


svecific humidity = 9.09€3 lhs water/1d air 
reference specific humidity (4/13/54) = 0.0045 lbs water/1b air 
A (w/w) = 0,00K5 — 9.00£3 = —-9,0038 lbs water/1> air 


w Ahfg =w_C_ A? 
W 


ate ae (0. OE = (-0,003¢2 )(U393 ) 
Therefore, AT + —16. 58 
alt. 0.13034 0.1307) 
ade,/t., )” '© = Cie (=26.48)/530 = (i + 0.05847) 
J = G1, cate 248%" . argouro 
ae = (Poof Pg ong ye, (1.00410) = d.7@0(1. 08x20) = 4 Me 


This value is then vlotted on fisure VII of the results. 
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FIGURE XY 
DIFFERENTIAL STATIC PRESSURE YS. DIFFERENTIAL STAGNATION PRESSURE 
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FIGURE XVI 
DIFFERENTIAL STATIC PRESSURE VS DIFFERENTIAL STAGNATION PRESSURE 
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FIGURE XYI 
DIFFERENTIAL STATIC PRESSURE VS DIFFERENTIAL STAGNATION PRESSURE 
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FIGURE XVII “os 
DIFFERENTIAL STATIC PRESSURE VS DIFFERENTIAL STAGNATION PRESSURE 
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Appendix O-1 
eebls Af 


Summary of Dry Run Calculstions (Pitot Tube) 
Sees Oe ee eee ee See 7 











= 2 \ 
(m,/*,) Set) 4 - (me, /@, ) (P./t 
—_—_— ee SS ———— _ 2 _ iu + 9 Oo 
0.920 0,280 0.616 0.990 1.076 
0.878 0,122 9.015 0.985 1. 122 
0.834 0,156 0.020 9.980 1.175 
0.789 6.71 0.025 0.975 1.236 
@. 745 0.255 0.030 0.970 1.392 
6,693 0.307 0.035 9.945 1.392 
0.637 0.363 0. 049 C.960 1.597 
0,556 o,4u4 G. O45 0.955 1.716 
(P / P) > > > )/Pp ‘°) : 2 
—* ba Mela ial ik Blo id 
1.4010 0.929 0.081 12.346 
1.015 0,891 o.12% 8.065 
Lv@e0 0,851 9.169 5.917 
1.026 9.809 9.217 1, 698 
1.031 “ag [58 0.263 3. €a2 
1.036 0.71 0.318 3.145 
1.92 0.664 0.378 2.4546 
|. @7 0.582 0,465 2, eb 
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Summary of Dry Bun Calculations (Probe) 


a ra re phe ad TK 
Run I-A 0.322 73.681 2,987 
0.276 74,028 3,508 
Run I-B 0.3565 72.846 3.176 
0.227 73.546 ul 275 
0.150 74.154 8.103 
Run I-—C 9,344 73.226 2,784 
0,299 73.583 3.218 
0,260 74.019 3. 720 
0.226 74,373 4,299 
0.175 7Hu.7u2 5.578 
Run I-D 0.28 74.399 . OIG 
DvP 1g 75.967 1, 625 
= On229 74.920 4 252 
G.152 5.540 5 . Gis 
~ 0.193 75.303 5.061 
Run I-E  —S0,105 74.732 9.377 
Ona 5. 74.056 >. 590 
0.28 72.986 3,392 
0,244 73.418 3.975 
Run I-F 0.316 73.488 4.937 
Q0,248 744.089 4.899 
0.216 7.385 “4 508 
®.17% 74.757 5.4521 
0.158 74.905 6.190 
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Summory of Probe Error Ualenistion 


Anpendix G «2 
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Table Itt 
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at OS A ad La Ne, TS 
0,90 0.19 ©. 01728" 9.9875 1.997 
0,85 oO. 0.0882 0.9213 1.255 
9. 80 9.29 3.0237 0.975% i, 220 
0.75 0.35 0.99) 9.9705 1,294 
o. 72 0.30 O. O54 1.9555 1.379 
0. 45 @. 35 0.0390 0.9619 LUTE 
-"", )p “6 *e Ip ar Py, af he” cP oy 7 
J.9135 2 90,9864 L.995 0,90Ci 0,097 
9, G2 0¢ | 0.9792 1. tS 0.90% @.155 
9! 997k “a 0.9725 1.226 ec, eo 0.229 
0,036 “J 3.9564 1,289 G.095 ¢,20u 
9,931 2.9609 1. Ws 9.996 6,37¢ 
0.0436 2.9564 1.aFL 0.007 0. me 
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Appendix C3 
Table IV 


Summary of Primary Data Point Calculations 


Test I ~— Dry Runs 


(Pa-Po)/(P,) (Ps) /(Pa) 

Frobe #1 Run I-A 0.03704 0.67758 
0.03250 0.72424 

Run I-8 0.03928 0.69746 
0.03004 0.77316 

0,272 0,383976 

Run I-G 0.04292 0.65625 
0.03695 0.70069 

0.03256 0.73990 

0.02793 0.77389 

0.02311 0.82486 

Run I-D 0.03347 0.71582 
0.02479 C:,'73922 

” C.02670 0.77116 
. 0.01864, 0.83780 
«A 0.02172 0.80676 
Probe #2 Run I= 0.01440 0.39489 
0.02332 0.82367 

0.03743 0.71618 

0.03173 0.75641 

Run J-F 0.03950 0.68370 
0.03164 0.75167 

0.02777 0.73434 

0.02291 0.82617 


0.02098 


0.84135 


ba, atom 
Sisal 
wroifeiwobs Jelet e130. ciseitd BW (anes. 
(AAN\GO | (pW \(ate) . , 
| sta = LS wow! 
= raat 
Gal masfi 
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Table IV (continued) 


Surmary of Primary Data Point Calculations 


Test II = 0.100 lbs/sec water 
(P,/Ps5) = 0.8103 


(Ps) em He (Pa-Ps)cem Hg (Pg-Po)em Hg (Po)en Hg (Po/Pg) 








a OES 


Probe #1 Run II~A 14.467 4.062 72.199 1.1684 
Run TI-B 62.564 14.647 4.012 73.199 1.1700 
Run Ii-C 61.996 14.514 4.040 72.470 1.1689 
Run Ii-p 62.373 14.602 3.992 72983 1.1701 
Probe #2 Run II-E 61.996 14.514 4.052 720458 1.1683 
Test ITI - 0.125 lbs/sec water 
= (Pp/Ps) = 0.7337 
~P.)em He (Pa-P,)em Hg (Pa-Pp)em He (Poem Hg (Po/Ps) 
Probe #1 Run III-A 56.691 20.576 6.078 71.189 1.2557 
Run III-B 56.646 20.560 6.180 71.026 1.2539 
Run IlI-C 56.342 20.450 6.380 FO .412 1.2497 
Run ITI-D 56.143 20.377 6.180 70 6340 1.2529 
Run TIlJ-E 56.477 20.498 6,022 70.953 1.2963 
Probe #2 Run IlI~F 56.143 20.377 6.245 70.275 1.2517 
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Table IV (continued) 


Summary of Primary Data Point Calculations 


Test IV - 0.150 lbs/sec weter 
(P,/P_) = 0.6482 


(Pajom He (Pg-P,jer He (Py-Polem Hg (Polem He (Po/Ps)} 


—_——e 








4 


ma, 
~ 


a 


Test V - 0.100 lbs/sec water 


IV-A 49.462 26.845 8.813 67.489 1.3645 
Iv-B 50.078 27.47 8,712 68.545 1.3688 
IV-C 49.738 27.022 9.025 67 «785 1.3015 
IV-D 49.636 26.966 8.511 68.141 1.3714 
IV-E 49.146 26.673 8.576 67,243 1.3682 
' L Ve 49 ® 600 26 @ 920 3 ) 791 67 e 729 1 @ 365 5 
TV-G 49.895 2'7 080 $4590 68.335 1. 3766 
LV=H 49 ® L46 26, 673 8 e 5845 67 r") 234 1 @ 3680 
IV-I 49.600 26.920 ae7 TY 67.741 1.3€57 


(Pa/P,) = 0.59895 
(Ps)em Hg (Pa-Pg)em Hg (Pa-Po)em Hg (Py)en Hg (Po/Pg) 








V-A 46.279 30.988 7.646 69.621 1.5044 
V=B 45.826 30.684 7.840 68.670 1.4985 
V-C 464147 36.328 _ 7.737 69.228 1.5004 
V-D 45.826 30.684 7.850 63.660 1.4983 
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Appendix Se4 
Table V 
Surcary of Modified Data Point Calculations 


Test iJ - 0.100 lbs/sec water (injected) 























Mr = 0.382 My? = 0.1459 
My, = 0.476 M4, = 0.2266 
wi = 0.13034 
2 a | 
Date a(Wy/i&) ATo2 (dlea/530) (22502) fib) (Po/?,)orig (Po/Ps)mod 
6/14,  -~0.0013 - 5.71 -0.01077 1.01077 1.00140 12701 wie 
4/21 ~0,0038 ~16,68 —0.03147 1.03147 1.90410 1.1700 1.1748 
5/7  =0,0017 - 7.46 -0.01408 1.01408 1.00184 116g 861 
5/7 <@j00lL7 ~ 746 -0.501408 1.91408 1.00184 1.1682 1.17210 
4/13 040090 0.00 9.00000 1.00G0C 1.99000 1.1684 1.2684 
Test TIt ~ 0.125 — water (injected) 
My = G.440 Mr* = 0.1936 
My, = 0,577 Mp = 0.3329 
Mw? = 90,2632 | 
k= = 0.18424 
2 
Date a (4, /t, ) ) ATO2 ( A Toe /530) (1550) (839°) 2 sods (Po/? 5) orig (Po /? »)mod 
5/14 0.0044 19.32 0.0365 019635 0.9932 1.2563 1.2478 
4f21 30026 11.42 0.0215 0.9785 0.9969 1.2557 1.2507 
4/21 0.0026 11.42 0.0215 0.9785 0.9960 1.2539 1.2489 
5/7 0.0040 17.57 0.0332 0.9668 0.9938 1.2529 1. age. 
5/7 0,9040 17.57 0.0332 0.9668 0.9938 1.2517 1.2489 
L,/23 0.0000 0.00 0.0000 1.9000 1,0000 1.2497 1.2497 
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Zable _¥ (continued) 


Summary of Mofiified Utte Point Calculations 

















A (Us /b5. ) 





semi iV - Co15C ivp/poe weter (injected) 
My = CeAuld Mm = 0,230, 
Mr = C678 My” @ C4597 
ve = re om 
IN = C.247%% 
, a 
a(,/d,) atop (atbe/53C) (0-~RARE) (1 Hae,  ey/Pe aborig (Ty/Ps)mol 
CyeG6Gy wll Gs6571 C.%69 ¢C,alG6o 1637 1.3534 
le 1408 cess C.9635 6,901) 1 3706 1 BS Sz, 
O08 1148 & C215 0.9785 <ceogud 143605 1 ,b407 
G.0C5C 21.97 0.C415 C.9525 0, Og 08 1. 368 13948 
GCGN 461.97 6.0415 C.058% C,dEc% 1.366 1.384 
C JCOKC L7 ot C elB32 C . R5SE <q) Co? a 9 ] 23657 1s 9926 
CueeuC M57 0/0332 C9668 0.9019 1 3@6e 1 BE Le 
O.Ge.C 1? @37 Ca -3 32 C .Sé Ne C.9519 Te iy © a or Z 
€.00ee c¢.cC d,ccec 1.0C@@ 1,.¢GeC 1 Bey 7.315 


test V - C.ICC Ibs/sec water (injected) 
My* = C5273% 


bir oa C923 


Me = C.7E5 2 Nye = 0.6162 
Me = C.44L& 
LB* = C,23136 
2 
zz 


h 
A _- — = 
Pon (abe /530) (2-25PH) (1-202) T (ro/Py)ortz (En/My )eo® 


— wee arevesnenil 


~(.0CiA -6.15 -C.Cl]16C 1.00166 1.C0045C - Ltd 1M 
C0004 1:76 C»CC332 C.998KE 0.9050 J 530@8 14s 

C sOO@E C.CC QV@MOe 186666C 1.00QK 1 AGES 1 4aFe 
CO CEGO CGC C.0Cem% 1.00CEC 1 .CeRGe ] 4085 bois 
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Probe #41 Run I-A 


Probe 2 


Run. I-¢ 


Run I=.) 


Run I-P 


Griginei peta 


test I - Dry Runs 


4/13/54 
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5/9 f5h 


Ta (inches Hg) 
3C | jek, 


TSS 


Make 


Was A ies lg 


yt 


KK Gk 
17 620 
Li odd 


26 30 
Lak 0 SC 
dD «QR 
17 .3C 
13 ehQ 


el EL 
16.23 
17 662 
12249 
LAs d 


139 
13 37 
a1 Dk 
Lead7 


Rhea el 
aFoCO 
re ° at 
13 30 
Im, JC 


~6l- 


-Po)in HC 


Fs 
35—@7C 


Mf. 38 
3C .€7 
2063 


Ady 59 
38,50 
a 

295 


23.95 


34 {ae GC 
m0e8D 
27 as 
19645 


LE 26S 





Probe fl 


Probe 42 


5} 
lo 
193) 
cr 
be 
4 
t 
rant 
o 
‘as 
er) 
= 
cy 
ot 
wa 
tu 
Cc) 
= 
» 
cr 
@ 


Run II-A 


Fun Il~3 


Run Ii-C 


Run II=L 


" 


Run ll] 


Tabie ¥I_ (continved) 


Originel Deta 


i 13/54 +t 


4/41/54, 


5/7/54 


6/7/54 





266305 


3C .1a2 





(Ya? odor cr ge 


12052 
lie? 
Loser 


luége?a 
13.95 


12 oD 


16.Cé 
15432 
3 G5 
120m, 
14vek 


17 C4, 
15.93 
14a 5C 
15 33 
Leeee@F 


14 696 
13 61 


12 238 
we 8 LY Me 


77.10 
Tee '7 


4O 29 
£467 
E& 40 


eo 
52.28 
4903.5 


OC CC 
5.75 
50 
4b 25C 
53920 


62 GO 
57 soe 
3 ald 
49 .iiC 
52 348 


56.25 
£9.75 
D6 AD 


oy by, 


py 0 5G 


ie =e ey mf eae 














@ : 
$.f FI . i : 
i i j 
~ fin *- ~% , = 
Dee a Bs 
Sy 0 ae 4 =. 
dates os o 





jeusmag an 


javnesinnes us 











~63~ 
Jable Vi {gontinued } 
Original Teta 
Test Ili - C,125 lbs/sec weter 


Pa(inches Hg) (Pa-Ps)em Kg (Fa-Pp)in iC 


Probe #1 Run ITI~! 4/21/54 3 Ginala 0064 AL 
ona Bh 058 

TT Tint 

Run 11i-B8 4/21/54 30 .20€ 1.73 77 19 
19.75 £060 

© leweh 3 » 0 

Run IIIa 4/23/54 30.233 19.92 41. 
ai 238 89 614 

foe CLA’ 

20.61 E7..O8 

19 r) os) & 3 wid. 

20 22 35.73 

2C 92 SE 85 

216 92 C5 

Fyn IileD 5/7/52 Feu 19.426 1 Fe 
“a 2C 019 @2 whit 

‘ 20,99 86,1C 
2201C 9C , TE 

20a7< &5 00 

Run TII-2 5/14/54 30,86 19.7C 79 39 
2142 Gh, «Gb 

21 96 &6 40 

a.55 £1 1 

1£.97 75 aC 

fun ILI-F 5/7/54 3C 6126 .. CO 3 .8C 
20.72, a 5 

Za 36 BH .23 

a Ce 9C 65 

19,1C 7876 





Frobe #1 


rrote #2 


sun 


aun 


hun 


Run 


Run 


tun 


Run 


hun 


Table VI_(contjaued) 


Crigina] Tata 


TWeh 1/14/54 


TV-B 4/21/54 


[VC 4/23/54 


IV=2 4/29/54 


Van 5/5/54, 


IV--F 5/7/54 


IV=G 5/14/54 


IV-H 5/5/54 


Iw! 5/7/54 


C ibs/sec. water 


nest IV - 0,15 


Pa(inches fig) (Fa-P.)em Re (Ra-Pg)in RoC 


a emt Ala = 


30 eC4? 


Hot Me 


Lo 
’ an 
% 

en 


3C oT 


JOR3LS 


“a3 a5 
Ab &cG 
£6405 
ld a9) 
ats “ALG 
ZT 035 
ae «33 
26,86 
29.05 
26007 
26 he 
E? eo dh, 
ya a 
A) wh 5 


Ae 

ab CL 
wt ohh. 
e/ mt, 
26.95 
AG 0 3G 
ange 
25 67 
27 «lip 
Ramen 
an Oa 
Awl 
27 o> 
25 662 
2639 
27 393 
aA, 75 
2% op 
25 AC 
on / 
2eg@ 
£E 03d, 
24 2&6 
2° L/ 
27 CC 
S60aC 
26.56 
27 oh-9 


130.43 
127 .3& 
121 of 

aL .i6 


115 .5C 
1r9..9 
Yaa 


“ 4 “ney 


FS 
Wee 
127 95 
IEC aN 
LaLoodS 
bt ra 
143 5 


PS ad) 
12 wid 
117 2&0 
115 we 
he é eS 
LAoht 


120.20 


115.15 
117 695 
Pour, 
Lait D 
13.5 

118 .8C 
128.65 
116.75 


112.25 
171 .& 
123.845 
169 05 
116.35 
121.20 
1a 3680 
ld .35¢ 
lad... 75 
Ie 35 
116.05 
1317665 
12] ..35 





At Lamy bw 














ela get yea 
te Fi Sato atyal\s dev ey A ote | 
h 
| 464° rue aA 
Mac NRTA Dod nal 
wree |= AT 5-7 at 
® 
66.9 Bae Ss oe 
- 
At Nt ST oe 
BS .OF Bu BAT act 
bA\O\b ET wer 


pane a aus 





SB sok 


Tab] E ‘con tvigued } 


8 6 ernerr 


i 
i 
’ 


2B Le aw mo See ere > eines Ue em be at 


Teast VY — 9.190 Lhe/sec water 


ems = ere TD SS Se ne es mm et 





7 “_ > & 5d : - —— i ” 
?P finobes “gs (PP -F_ jem Ee. ¢ 
2. a «& a 


8 Oe Oe ew ee ny ee ne oe oe een =e POLAR. FO Ont Nee aw EP 26 SEs «Bene eS Ewe 


Frobe *3 Bun Yn 4/2eu/7h w.420 26.75 97.59 
PH,LS 91.10 
7H US Z2,60 
27 5 oh HO 


Run VeP® 5/7/54 39.122 oe. a o@.106 
3 


2%.75 1a. 70 

20,52 102.55 

ZO.96 194.10 

5g? 20K 55 

Run V-C 5/14/54 39.495 25.83 43.460 
ee. 30 Gé.90 

29.73 LOW. 59 

30.10 12. 70 

. 22.90 24.50 
Prabe*2 Rum.V-D §/7/ 20.122 30.15 105.35 
ee. 6) 90.75 

27 4% 95.89 

P59 ,39 Ge .75 

35.55 167.38 









DAVES AAV ert 1* ones 





ei = 


ae Se 






TRE, et: *P\IT\) 3-7 aue 
eo _. 2 - 


2s OF oeLrNe oer =e a* 


a) 
_ 


ae ; 
an a | 


a6. 
Table ¥. (continued) 


Urigineal lata 





Date Specific tmidity (les weter/lte ein) 
4/13/54 Ggangs 

4/14/54 6 ,0C62 

4/21/54 C HNRB, GrOO76 

def 23 f St, C.CT@2 

1/29/54 C0038 

5/5 [5h C .CC52 

5/7/54 CiOG2 

5/14/54 C 0058 





[e+ 
a» 


Em 
Appendix © 


literature Citations 


Shapiro, A.k. amu liawthorte, W.5.., “The Nechanics an] Thermo- 
dynamics of Steady, One-JVimensional Gas Flow," Journal of 
Applied Mechanics, December 2947, pn A-317 to A-335. 


Gavril, 7.0., "A Theoretical Investigation of the Thermoty— 
namic and Dynamic Effects of Water Injection into Figh-Velocity, 
High-Temperature Gas Streams," Thesis for decree of Doctor of 
Science, M.I.T., in preparation. 


Dussourd, v.l., "Instrumentation For {mn Air Streap Carrying Weter 
Droplets ," Thesis for dégree of Doctor of Seience, Mel.t. an 
preparation. 


Wadleigh, K.R., "An Experimer:ital Investigation of a Small-ocale 
ferothermopressor - fA Device for Increasing The Stagnation 
Pressure of a High-Temperature, Hirh-VYelocity Ges Stream by 
Evaporative Cooling," Thesis for cegree of Doctor of Science, 
WT ., TFSs. 


Hoerner, 5.F,, “Aerodynamic Drag," Otterbeir Press, Daytomy, 
Cie a>) . 


Keenam JH. and haye, J., "Gas Tables”, John #iley @ fone, 
New York 1945. 


Ohapiro, A.H., "The Dynamics and thermodynamics of Coupreaeitle 
Fluid Flow," Ronald Press Co., New York 1953, pp.231. 


"Steels For Llevated Temperature Service," Carnegie-lllincis 
Stee] Corporation, Pittsburgh and Chicago 194°, pp.61. 


"nergy Analysis of Naval Machinery," (nitec States Naval 
Institute, Annapolis, 1940, pp. 23-12. 


—" 


we 


alee = © 





rae ye irate yg ae a aes 
ones Tied oe RE ere oe 
pt he Loliewet? & , 0.9 be 


” Pi ack ane coe wow es eae 


qed obs St ot hntsntnnrsn _ Li vec 8 
ree: Wo 10h. 


Wo aom66 tot sien? “stole 
<P erg ay 
a oAteg ween Catwantieqe? «4 ,.1.28 ty 
= a yearn: 2 OE Re vio 
on th cn. 


ion) @ 
Ml Vel 


L 


























4 











hme ret abort tt * ged ccaayvowd: ‘V8! grr 8 
| 


eee Del mint ,"melaeT aed? . 0 . wet ma, Api 


Pipeaes © me ne . wot@meye GAT ee yooigui .f. 
Eady APL aye wea: O) pease eee okt hay | 
a) 














wousrtegurl tater el wi alews?* 
meow hae el a io mod vt. Hewat bs — Laod? 


Lined weotet haben ~ ee tin ee eee = 








=> 

















thesC267 
Construction and preliminar 


Y 


| 
3 2768 002 08565 6 
DUDLEY KNOX LIBRARY 


test of at 





